The study of inter-individual variability of personality in fish is a growing field of interest but the genetic basis of this complex trait is still poorly investigated due to the difficulty in controlling fish genetic origin and life history. When available, isogenic lines that allow performing independent tests on different individuals having identical genotype constitute a very relevant experimental material to disentangle the genetic and environmental components of behavioural individuality. We took advantage of heterozygous isogenic lines to investigate the personality in rainbow trout through the analysis of their reactions to different experimental situations. To this end, seven to ten rainbow trout isogenic lines were screened for their spatial exploratory behaviour, their flight response toward a stressor and their risk taking behaviour. Results showed that some lines seemed less sensitive to new events or environmental changes and could be defined as low responsive, while others were very sensitive and defined as high responsive. The use of isogenic lines highlighted the importance of genetic factors, in combination with life history, in the expression of personality in domesticated fish.
Introduction 51
Many studies in animals have reported that individuals, though similar for many 52 characteristics (age, size, sex, maturity stage) may differ markedly in their behaviour pattern 53 (Slater, 1981; Martin, 1991) . These individual behavioural differences, consistent over time 54
and across situations, are usually defined as temperament (Réale et al, 2007) , personality 55 (Bell, 2005) , coping style (Koolhaas et al., 1999) and all together form behavioural syndrome 56 (Sih et al, 2004) . Generally speaking, proactive individuals are characterized by a fight or 57 flight reaction including: active avoidance, aggression, high sympathetic reactivity but only 58 modest elevations of plasma cortisol levels. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 In aquaculture, selective breeding of fish that would present minimal responsiveness to 75 husbandry practices is one of the strategies considered to improve fish welfare. Thus, the 76 interest in stress-tolerant strains better able to cope with the unavoidable stressors inherent to 77 aquaculture has increased over the past two decades (Pickering, 1992 (Pickering, , 1993 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 among progeny. Homozygosity of all breeders and isogenicity of dams were checked using 150 allelic variation at four polymorphic microsatellite markers for dams and nine markers for 151
sires. 152
Fertilized eggs were incubated at 11.4°C. At eyed stage, each progeny was divided into three 153
replicates that were reared in a 0.25 m 3 tank each using natural spring water (11.4°C) until 154 158 days post fertilization (dpf). Every replicate was then transferred into a 5.4 m 3 tank 155 supplied with river water (11.3-16°C). 156
At 198 dpf, 50 fish from each tank (i.e. 150 fish per line; mean weight: 39.6 ± 7.9 g) were 157
randomly sampled and individually PIT (passive integrated transponder)-tagged. After 158 anaesthesia, tags (12 mm long x 2 mm in diameter) were inserted horizontally in the dorsal 159 muscle just behind the head. The tagged fish were redistributed into three 6 m 3 tanks (3 m 160 diameter × 1 m deep) of 500 fish (10 lines, 50 individuals per line) supplied with river water. 161
Those fish were used for the risk taking behaviour tests that were realized between 347-363 162 dpf (mean weight: 199.2 ± 42.6 g). The water temperature fluctuated between 5 and 11°C, 163 oxygenation was always above 90% of saturation in the water outlet, and fish were submitted 164 to the natural light regime (8L:15D) and fed by self-feeders (Boujard et al., 2002; Millot et al., 165 2008) with a commercial diet for rainbow trout (3 mm organic food, Le Gouessant, France). 166
At 304 dpf (mean weight: 157.3 ± 50.2 g) 140 tagged fish (20 individuals x 7 lines) were 167 transferred to Ifremer facilities (La Rochelle, France) for the spatial exploratory behaviour 168 and flight response tests. Fish were kept in mixed groups in 5 tanks (400 l) in dechlorinated 169 and filtered tap water and hand fed the same commercial diet as previously. The water 170 temperature was maintained at 16 ± 1.5°C and oxygenation above 90% saturation in the outlet 171 both during their acclimation time (for 70 days) and during the assays (Experiment 1, see 172 below). 173 174   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 The experiment was performed in the facility of Ifremer La Rochelle, in a room dedicated to 177 fish behaviour study. The experiment was carried out in a 400 l tank similar to the fish home 178 tank and with the same water conditions. The experimental tank was sheltered by black 179 curtains and lit with one spotlight located to minimise shadow. The stimulus was a tube full of 180 sand of 67 g, 96 mm length and 25 mm diameter, which fall was driven by gravity after an 181 electromagnet (which kept the stimulus suspended) was inactivated. An opaque pipe (1.6 m 182 length, 35 mm diameter) was fixed 2 cm above the water surface to hide the stimulus during 183 its fall and to allow recording the fish reaction at the moment of impact. A Mini color CMOS 184 camera (Velleman) was located at 1.6 m above the water surface and video was recorded on a 185 hard disk recorder (see. 
Risk taking behaviour; Experiment 2 200
The experiment was performed in the outside facility of the PEIMA. The experiment was 201 carried out in a fourth tank of 6 m³ similar to the ones used to maintain the experimental fish. 202
To monitor the risk-taking behaviour, the experimental tank was separated in two equal zones 203 (safe vs. risky) by an opaque divider. The safe zone was shaded and gathered all fish at the 204 beginning of the experiment. The risky zone was naturally lit and included the self-feeder (not 205 working during the test) and the usual feeding area. The opaque divider had a circular (12 cm 206 diameter) opening in its centre that was equipped with a PIT-tag detection antenna connected 207 to a control device and a computer. Such a set up allowed the individual passages through the 208 opaque divider to be monitored with the associated time. 209
The experiment was performed on the three replicates of 500 fish (50 fish per line x 10 lines) 210 between 347-363 dpf (mean weight: 199.2 ± 42.6 g; Table I ). Two consecutive tests 16 days 211 apart (T1, T2) were done on the fish groups (T1: 347 dpf and T2: 363 dpf) and according to 212 the same procedure, each test lasting 23 hours. The fish were transferred to the experimental 213 tank 24 hours before the test started. During this recovery time, the opening in the partition 214 was blocked and the test started at 12:00 on the next day when the opening was freed. 215 216
Data analysis 217

Experiment 1 218
The video recordings were analysed using the software EthoVision XT (Noldus, The 219 Netherlands), which allowed to separate the tank in four virtual zones of equal surface: zone 1 220 containing the stimulation zone, zone 2, zone 3 and zone 4 further away from the stimulation 221 zone and having most edges in contact with tank walls (protective area); see 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
Experiment 2 237
To assess group behaviour, the percentage of the total fish number per isogenic line entering 238 in the risky zone was calculated. 239
For each individual, risk-taking behaviour was evaluated by analysing: the total time spent in 240 the risky zone (Tt) and the total number of passages through the opening (Np). The individual 241 score emergence (Se) was also calculated as: Se = (td − te) td -1 , where td is the test duration 242 (total test duration was equal to 1380 min) and te is the emergence time (the time necessary 243 for the first entry in the risky zone; in min). Score emergence close to 0 therefore 244 corresponded to a very late or no entry in the risky zone, while close to 1 it corresponded to a 245 very fast entry. 246   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The comparison of the data among lines provided information on differential performances to 247 take risk in a given test, and comparison between tests allowed assessing the differential 248 habituation and/or learning capabilities. 249 250
Statistics 251
All analyses were performed using Statistica 7 software and for all tests, significant threshold 252 was p <0.05. 253 254
Experiment 1 255
All data were analysed for normality with a Shapiro-Wilk test and for homogeneity of 256 variance with a Bartlett's test; they all complied the rules for parametric statistics. For the 257 individual fish spatial distribution, since tank zones were not independent, a two fixed factors 258 ANOVA was used to compare the differences between lines and sequences for zones 1 and 4. 259 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Data were analysed for normality with a Shapiro-Wilk test and for homogeneity of variance 271 with a Bartlett's test. The variables 'total time spent by a fish in the risky zone (Tt, %)' and 272 'individual score emergence (Se)' underwent an arcsine transformation to normalize data 273 (Sokal & Rohlf, 1995) . Then, repeated ANOVAs were used to analyse the average differences 274 of the proportion (%) of fish entering in the risky zone and of the total time 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
Spatial distribution 296
The overall mean time spent by fish in zone 1 (F 2,189 = 0.24, p > 0.05) and in zone 4 (F 2,189 = 297 0.02, p > 0.05) did not change over time (S1, S2 or S3). However, there were differences in 298 spatial distribution between lines for zone 1 (F 6,189 = 5.29, p < 0.001) and for zone 4 (F 6, 189 = 299 3.23, p < 0.05) whatever the experimental sequences. Indeed, A03h fish spent less time in 300 zone 1 than fish from the other lines and lines A03h and B45h spent more time in zone 4 than 301 the other lines (Table II) . There was no significant interaction between sequence and line (F 12, 302 189 = 5.28, p > 0.05). Whatever the sequence, the overall proportions of time spent by fish in 303 zone 1 (20 ± 2%), zone 2 (34 ± 3%) and zone 3 (37 ± 3%) were not significantly different 304 from the expected ones under the hypothesis of a theoretical homogeneous spatial distribution 305 among zones (25%). However, the proportion of time spent in zone 4 was always 306 significantly lower than expected (9 ± 2 %; d= 0.49, p < 0.01 for S1; d= 0.43, p < 0.05 for S2 307 and d= 0.44, p < 0.05 for S3). 308 309
Swimming activity 310
For all lines, fish travelled more distance during the first sequence than during the two 311 following sequences S2 and S3 (F 2,188 = 5.28, p < 0.01; Fig. 1 ), while the distance travelled by 312 fish for each line remained stable between S2 and S3. Whatever the sequence, there was 313 significant difference among lines (F 6,188 = 6.42, p < 0.001) with A03h fish travelling less 314 distance than other lines, contrary to A02h fish that were the most active. 315
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Percentage of the total fish number per isogenic line entering in the risky zone 322
Overall, the percentage of total fish number entering in the risky zone was higher during the 323 first test (T1) than during the subsequent one (T2; Fig.2 ; F 1,40 = 4.91; P <0.05) and there were 324 marked differences between lines (F 9,40 = 13.86; P <0.001)
Total time spent by fish in the risky zone 330
As a general feature, all fish from all lines spent less time in the risky zone during T2 than 331 during T1 ( Fig.3A; F 1 ,2630 = 56.31; P <0.001). There were differences between lines (F 9,2630 = 332 2.18; P <0.05) and for both tests the time spent in the risky zone was always lower for lines 333 A02h, A22h and AP2h than for lines A03h, B61h and B45h. 334
A weak but significant correlation was found at the individual level for the total time spent in 335 the risky zone between both tests (R = 0.13, p < 0.001, n = 1325). Interestingly, the 336 correlation was dramatically increased when the total time spent in the risky zone was 337 averaged by isogenic line (R = 0.89, p < 0.001, n = 10), indicating that mean line behaviour 338 was highly consistent across tests for this trait. 339 340
Total number of fish passages through the opening 341
Whatever the line, the total number of fish passages through the opening was lower during T2 342 than during T1 ( Fig.3B; F 1 ,2627 = 10.37; P <0.01). There were differences between lines 343 (F 9,2627 = 38.47; P <0.001) and for both tests the total number of passages through the opening 344 was always lower for lines A02h, A22h and AP2h than for lines B61h and B45h. 345   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Indeed, whatever the sequences of the Experiment 1 (S1, S2 and S3) there were strong 368 negative correlations between the mean distance travelled in the tank and the percentage of 369 the population entering in the risky zone, the time spent in this zone and the score emergence 370   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 during T1 of Experiment 2 (Fig.4) . It revealed that the more an isogenic line was active 371 during Experiment 1, the less risk it took during the first test of Experiment 2. Two extreme 372 isogenic lines could be distinguished: line A03h which exhibited the lowest swimming 373 activity throughout the three sequences of Experiment 1 and the highest risk taking during T1 374 of Experiment 2, and line A02h which showed the highest swimming activity during the 375 entire Experiment 1 and the lowest risk taking behaviour during T1 of Experiment 2. 376 
HR-and low cortisol response -LR-). These authors showed that when placed in open field 391
LR individuals presented a higher swimming activity than HR fish. This difference in 392 behaviour however disappeared after 2 min, contrary to our study where line A02h expressed 393 a higher swimming activity than line A03h during the entire period of survey (two hours). 394
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